Surgery is the treatment of choice for non-functioning pituitary macroadenomas (NFPAs). In cases of postoperative remnant growth or tumor recurrence, radiotherapy (RT) can be considered. The role of RT in the postoperative management of NFPAs is still debated. The main arguments against routine use of RT are the lack of randomized controlled trials, the use of clinically irrelevant endpoints in most studies on RT, the benign character of the condition, the potential for side effects of RT, and the option to apply RT at a later stage. However, because of its excellent efficacy in inhibiting tumor growth, reducing tumor volume and improving any existing visual defects, and as its side effects seem to be limited compared to the benefits provided, RT keeps a place in the management of NFPAs when a tumor remnant persists, particularly if it is invasive and displays high proliferation markers, if surveillance shows a relevant increase in tumor volume or if the tumor is close to the optic chiasm. The size of the remnant, its vicinity with the optic pathways, and the potential risk to healthy surrounding tissues need to be considered when deciding on an RT procedure.
Non-functioning pituitary adenomas (NFPAs) are benign tumors of the pituitary gland. For most newly discovered macroadenomas (i.e., pituitary tumors >1 cm in diameter), surgery is the therapeutic approach of choice. The apparent benefits are mainly reduction in headache complaints (if present pre-surgery) and improvement in visual function (1, 2) . Restoration of hormonal deficiencies is achieved less often. In cases of postoperative remnant growth or tumor recurrence, radiotherapy (RT) can be considered (3) . Various RT techniques are currently available. Fractionated conformal RT (FCRT) delivers high-energy X photons, with a total dose between 45 and 50 Gy, fractionated in 25 sessions of 1.8-2 Gy. Radiosurgery (SRS) delivers radiation in a single session. Gamma knife requires the use of an invasive stereotactic frame for precise positioning, while Novalis, Cyberknife or ICON gamma knife are frameless facilities using thermoformable mask. The devices used are the Gamma Knife (201 60 Co sources on a hemisphere) and linear accelerator (LINAC). Fractionated stereotactic RT (FSRT) combines the ballistic precision and multiple beam entries of radiosurgery with the principle of healthy tissue radioprotection by fractioning. The total dose is 45-50 Gy, administered in fractions of 1.8-2 Gy. Hypofractionated stereotactic radiotherapy (in 3-5 five fractions mainly, delivering a total dose of 20-30 Gy) may also be proposed. Lastly proton beam therapy has also been used but very rarely in this condition (4) .
The role of RT in the postoperative management of NFPAs is still debated. In the past, RT has been administered routinely after surgery to prevent regrowth of the remnant or recurrence of the adenoma. Nowadays, postsurgical RT is used less routinely, but there may be patients who will benefit from adjuvant therapy after surgery.
In the first section of this paper, OD will argue against the routine use of RT after surgery for NFPAs. The main arguments are the lack of randomized controlled trials, the use of clinically irrelevant endpoints in most studies on RT, the benign character of the condition, the potential for side effects of RT, and the option to apply RT at a later stage.
In the second section, PC and AD will provide arguments in favor of its use. Indeed, RT is very effective in controlling tumor growth and its side effects may appear moderate compared to the benefits provided.
The conclusion section will reconcile points of view by showing that both arguments should be considered in order to choose the best course of treatment for the patient on an individual basis.
Arguments against the use of radiotherapy postoperatively

Lack of randomized controlled trials
Let us set the record straight: there are no randomized controlled trials showing the superiority of RT compared to a conservative approach after surgery for nonfunctioning pituitary adenomas. There are also no randomized controlled trials comparing different RT procedures (conventional RT, SRS, FSRT) (5) . For most drugs, this would be a sufficient argument not to use them in routine clinical practice. Why? Because we want our patients to be treated only with drugs that have withstood the highest level of scrutiny, i.e., a randomized controlled trial, and for which the benefit-risk assessment is considered positive. So why not simply abstain from RT, given this lack of randomized evidence?
In the absence of randomized trials, we often rely on observational studies to guide treatment. But such observational studies have clear and well-known limitations; however, the mere absence of randomized trials or reference to observational studies as 'real world data', by no means make observational studies valid. Important threats to the validity of observational studies include confounding by indication, non-standardized follow-up protocols and incomplete outcome reporting. Moreover, follow-up of patients and outcome assessment is often less stringent in an observational setting. This threatens not only the validity of direct comparisons between patients treated with and without RT within a study, but is also an issue when comparing cohorts of patients treated with and without RT across studies.
For example, how do we know with certainty that two groups of patients with NFPAs, one group treated with and one group without postoperative RT, have had a similar quality of surgery? This is especially relevant in a situation where results from different studies performed at different centers are compared. Similarly, can we be sure that characteristics of growth potential, size and localization of the residual tumor are well balanced between the groups to be compared? Is the follow-up protocol equal between the studies? Clearly, a more stringent protocol may detect regrowth earlier. The first two questions relate to the potential of differences in prognosis between groups being compared, a problem called confounding by indication (6) . Only under the assumption that these confounding factors are known and adequately measured in the study, is statistical adjustment in an observational setting possible. There is methodological literature showing that this assumption (no unknown or unmeasured confounding) is often not realistic in the context of studying interventions and that results from observational studies are not sufficiently valid to guide clinical practice. This applies just as much when more elaborate statistics, such as propensity scores, are applied (6) . These methodological considerations apply to studies on RT for NFPAs and confounding is thus likely to hamper any verdict on the effect of RT in this context.
One, however, could argue that the evidence for a positive effect of RT is clear even in the absence of randomized trials (7) . The apparent RT effect is reasonably large, and there is no doubt that this effect is larger than expected in the absence of treatment. Several singlearm studies (see Table 1 ) show long-term recurrence-free survival probabilities (>90%) that are clearly higher than observed in the absence of RT (8) ; this seems to be the case for all RT modalities (9) . Also, tumor shrinkage has been described after RT (10), a result unlikely to occur spontaneously in the absence of RT or an event such as apoplexy. One could, therefore, reasonably argue that RT does have a clear effect on the probability of tumor regrowth, despite only being studied in an observational setting.
This brings us to the next point. Even if we agree that RT reduces tumor regrowth risk, this is by no means a compelling argument for the use of postoperative RT because the endpoint studied, i.e. tumor growth, is of limited clinical value and not appropriate to guide treatment.
Studying the effect of radiotherapy: what is the relevant endpoint?
In cancer research, there is some debate about the use of recurrence-free survival as an endpoint for drug effectiveness. This may sound surprising, but the crucial point is that recurrence-free survival does not automatically translate into a better overall survival (11) . Lack of an increase in overall survival, especially in the absence of an improved quality of life, means that patients risk experiencing potential side effects of treatment without any potential health gain. It is for this reason that (direct or indirect) evidence of effect on overall survival and/ or quality of life is becoming more of a requirement in order for cancer drugs to be implemented in clinical care. An example of a discrepancy between progression-free survival (PFS) and overall survival is the use of extended chemotherapy for advanced non-small-cell lung cancer. While a clear effect on PFS has been shown (hazard ratio 0.75), this effect is much less pronounced for overall survival (hazard ratio 0.91) (12) . Similarly, if rosiglitazone was shown to reduce HbA1C levels in patients with type 2 diabetes, this did not translate into reduced cardiovascular morbidity (13) . Likewise, fluoride has been shown to increase bone mineral density, but also increased fracture risk (14).
One could argue that tumor control in the context of non-functioning adenomas is a surrogate endpoint, the reason being that small tumor growth is likely clinically irrelevant unless it negatively affects pituitary or visual function or quality of life. In other words, tumor growth per se is not relevant, as such growth does not automatically influence pituitary or visual outcomes negatively. This is especially true for adenomas without close relationship to the optic chiasm and only slow and marginal growth -such adenomas are not likely to induce clinically relevant morbidity (8) . This crucial point is not considered when the sole endpoint is tumor regrowth. Therefore, the clinical benefit of RT cannot be inferred from the difference in tumor regrowth probability between patients with and patients without postoperative RT. Furthermore, it is an unwarranted assumption that lowering the risk of tumor regrowth will translate into a clinical benefit in terms of visual function or quality of life. A watchful waiting approach is a good alternative to postoperative RT, especially if careful follow-up is implemented. In addition, in the absence of apparent clinically relevant benefit, the patient undergoing RT may risk long-term side effects, such as hypopituitarism (see below).
The key question is: what could be considered a clinically relevant endpoint when studying RT in NFPAs studies? All potential benefits and disadvantages of RT should be taken into account for all endpoints under consideration. Clearly, mortality or overall survival would be important endpoints, as RT, but also tumor growth, can affect pituitary function, and pituitary dysfunction is related to mortality (15). However, a very large study would be required to answer, with adequate statistical power, the question of whether postoperative RT reduces mortality risk in NFPAs.
One reasonable option is to consider visual function as a relevant study outcome. This endpoint is directly relevant for the patient; but it also balances the potentially positive and negative effects of RT with respect to visual function. To our knowledge, data that compare visual outcomes between patients treated with and patients treated without postoperative RT are scarce. The second option, based on similar considerations as visual function, is pituitary function. The third option is general and disease-specific quality of life. Observational studies have not suggested that RT has a great impact (either positive or negative) on quality of life (16); however, there is a lack of randomized studies here also.
In summary, it can be argued that for evaluation of the effect of RT, tumor growth only is not a clinically relevant endpoint; more relevant endpoints are visual function, pituitary function or quality of life, preferably in combination. However, as it is likely that RT will not have a large effect on these endpoints (17), they can only be validly assessed in a randomized context, since subtle confounding may hamper judgment in an observational setting.
Preventive radiotherapy for a benign condition?
When the effect of RT for NFPAs is considered, this effect is often described in terms of recurrence risk or recurrencefree survival. Such terminology has the connotation of effects in cancer treatment, suggesting that recurrence is a major event in the disease course, undoubtedly related to morbidity and mortality. Arguably, this negative connotation of recurrence is not warranted in the context of NFPAs. These are benign tumors by definition, and the probability of pituitary adenomas displaying malignant potential is very low (18).
It is likely that pituitary macroadenomas are not completely resected during surgery, mainly because microscopic invasion is present in most macroadenomas at the time of surgery (19). Complete surgical removal of this microscopic invasion is not a reasonable option given the related risks, and unlike in many malignant tumors, a complete resection is not the hallmark of survival. Given these considerations, it is probably better to denote tumor growth after operation as regrowth and not recurrence for two reasons: firstly, it is likely that the tumor did regrow and not recur, and secondly, it avoids the cancerassociated term 'recurrence'.
There are several studies showing that in untreated NFPAs, approximately 50% show growth after a follow-up period of 3-6 years (2). For surgically treated macroadenomas, the regrowth risk seems roughly similar (2; see also Table 1 ). This is in line with the idea that macroadenomas are not resected completely and that the residual adenoma can still display growth behavior; it also suggests that the growth pattern after surgery is the same as before surgery.
Why intervene to prevent growth in a benign condition? As discussed before, no convincing evidence that relevant morbidity can be prevented exists. Importantly, even if relevant regrowth is observed, RT or a second surgical procedure are reasonable options, with good outcomes having been reported (20). However, it should be noted that late secondary intervention may be associated with worse pituitary outcome (21), underlying the need for close radiological follow-up and consideration of an intervention (RT or second surgery) when growth is observed.
Radiotherapy and side effects
If you hammer a nail in your laptop, would you be surprised if the laptop displays a decreased functioning? Probably not. The same holds true for therapies; no therapy is without potential for side effects, and RT is no exception.
It is well known that RT induces hypopituitarism, even if the exact risk and pattern is not clear. Studies have shown that in approximately 25% of patients, postoperative RT induces hypopituitarism; this risk is likely higher after a longer follow-up period (9) . Importantly, the risk for hypopituitarism is approximately similar for conventional and non-conventional RT techniques (5, 9) . RT-induced optic neuropathy is reported in 1-5% of patients and is likely dependent on the distance of the tumor from the optic chiasm (9) . These side effects in themselves can be considered a relevant argument against routinely applied postoperative RT, as they represent the functions to be preserved by RT: visual and pituitary function. In short, the means may prevent the goals of RT.
The jury is still out with regard to the contribution of RT to development of cerebrovascular disease (22, 23). Two studies with longer periods of follow-up suggested an increased risk of RT-induced brain tumors, as after >10 years of follow-up, brain tumor was found in 2% of patients (24, 25). However, these reported risks should be interpreted with caution as the necessary radiological follow-up in adenoma patients places them at higher risk for incidental findings of which the clinical relevance is not always clear. As such, studies require long-term follow-up (>10 years) to detect these long-term problems, and studies reflecting new RT techniques are lacking. However, since compelling evidence for an overall positive and clinically relevant effect of postoperative RT is lacking, uncertainties regarding clinically relevant side effects (tumors, cerebrovascular events) should be considered when an indication for RT is discussed. The fact that the risk of many side effects increases with longer time since RT may be an argument to postpone it until tumor regrowth has been demonstrated. This postpones the timing of RT and thereby the risk of side effects; moreover, it will prevent unnecessary RT in approximately 50% of patients after surgery.
In summary, there is no compelling argument for routinely applying RT after surgery for NFPAs, as the benefit-risk balance is not convincingly positive.
Arguments for the use of radiotherapy postoperatively
Radiotherapy is very effective on local tumor growth
The efficacy of RT on reducing local tumor growth is indisputable, whatever the procedure used.
Efficacy of fractionated conformal radiotherapy (FCRT)
The long-term experience accumulated with RT for NFPAs essentially lies within older studies where postoperative FCRT was proposed routinely in some centers or in some patients for preventing recurrence or regrowth of tumor remnants. Mean PFS at 5 years postoperatively was 95% after FCRT compared to 70% in those who were not treated with RT (8, 20, 26, 27, 28, 29, 30, 31, 32, 33) (Table 1) . This difference increases with the duration of follow-up, with mean PFS at 10 years being 50% in patients without FCRT, compared to >90% in patients treated with RT. At 15 years, PFS is 33% without RT vs 93% with RT (27); at 20 years, PFS after RT remains elevated at 92% (34) .
A meta-analysis confirms these results, demonstrating a relative risk of recurrence estimated at 1.97 (95% CI, 1.15-3.35) in patients not treated with RT compared to irradiated patients (35) .
Efficacy of radiosurgery (SRS)
Studies evaluating the effects of SRS are more recent (Table 2) . In these studies, SRS was often not administered as routine postoperative adjuvant treatment but was administered only if a tumor remnant was present and growing or in case of recurrence. Nevertheless, PFS with SRS is similar to that of focal radiation therapy (FRT), being on average 90-95% at 5 years and 85-90% at 10 years (36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57) . It must be noted, however, that the tumor mass in patients treated with SRS is generally smaller than in patients treated with FRT.
Efficacy of fractionated stereotactic radiotherapy (FSRT)
FSRT results in tumor control in an average of 95 and 90% of patients at 5 and 10 years, respectively (54, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67) (Table 3) . Table 1 Main studies comparing the progression-free survival of patients treated or not treated with conventional radiotherapy.
Author (year of publication)
Number of patients
Median follow-up (years)
Number of patients Table 2 Main studies on stereotactic radiosurgery (SRS). In summary, modern RT techniques (SRS and FSRT) seem to be as effective as more conventional RT on preventing tumor growth, with similar PFS. In terms of local tumor control, there is thus no clear evidence that one technique is preferable over the other. Rather, the choice is made according to adenoma size, proximity to the visual pathways and availability of the different procedures. If available, SRS is preferred if the adenoma maximal diameter is <3 cm and is distant from the visual pathways to allow a <8 Gy irradiation of the optic chiasm and nerves.
Author (year of publication)
Number of patients
Does radiotherapy improve visual function when impaired?
While RT is clearly effective on tumor growth in terms of PFS, one criticism that can be made is that PFS is an imperfect clinical endpoint. In this context, visual function (visual acuity and visual field) may be considered as more relevant for evaluating RT efficacy, particularly in the case of large tumor remnants. Unfortunately, very few studies dealing with this endpoint have been published. Recently, Minniti et al. studied 34 NFPA patients with large postoperative tumor remnants (>3 cm maximal diameter) and visual disturbances who were treated with FSRT (66). FSRT not only achieved good local tumor control (PFS was 93% at 10 years and average tumor volume reduction was 47%) but was also associated with visual improvement in 11 of the 34 patients, with deterioration being observed in only 2 patients (whose tumor volume had progressed) while visual function remained stable in the remaining patients (66) .
Previous studies (34, 68, 69) have also reported visual function improvement with RT. In a large series of patients with adenomas and postoperative visual impairment, RT was associated with an improvement in 55% of patients (34) . In another series of patients with macroadenomas treated with RT alone, visual function improved in 78% after a median follow-up of 36 months (68).
Could there be confounding factors in the evaluation of RT efficacy?
Another criticism that could be made regarding the efficacy of RT is the retrospective design of the studies reported with their potential for confounding factors. Indeed, as the studies were uncontrolled, it could be supposed that choice of RT could have been based on tumor volume and visual consequences, with patient characteristics differing within treatment groups. In fact, it is likely that this bias tends to disadvantage RT, which is most often performed for the most aggressive adenomas with the highest growth potential, as reported by Chang et al. who showed that patients who were irradiated had adenomas that were larger (30 mm vs 23 mm, P < 0.001) and invaded the cavernous sinus more frequently (P = 0.004) compared to patients who were not irradiated (30) .
Despite potential adverse events, the benefit/risk ratio of radiotherapy remains favorable
While RT is clearly effective in terms of local tumor control, it may be associated with side effects that need to be taken into account in the assessment of its benefit/ risk ratio.
High incidence of hypopituitarism
The main side effect of RT is the occurrence of anterior pituitary dysfunction. This risk is about 30 and 50% at 5 and 10 years after FCRT, respectively (9, 34, 70) . After SRS (45, 51, 52, 55) , as after FSRT (54, 58, 61, 71) , the risk at 5 years is 20-30%. Thus, in the short term (5 years), RT does not seem to influence the risk of hypopituitarism. However, several recent publications (72, 73, 74) have suggested that the risk of anterior pituitary deficiency was reduced if the dose delivered to the pituitary was more moderate. A cohort study performed by Marek et al. demonstrated that the incidence of new anterior pituitary deficiencies was reduced when the average dose administered to the normal pituitary was less than 15 Gy when compared to doses higher than 15 Gy (2.2 vs 72.5%, P < 0.0001) (72) .
However, the pejorative significance of hypopituitarism as an adverse event after RT is not the same if pituitary deficiencies already existed before RT. This is not so rare, as illustrated in the study by Dekkers et al. (8) who analyzed pituitary function in 109 operated nonfunctioning macroadenomas and found somatotroph, gonadotroph, corticotroph and thyrotroph deficiency in 83, 90, 60 and 57% of patients, respectively; therefore, hypopituitarism was present in 94% of the patients and panhypopituitarism in 44% of them. It is clear that if patients already present with hypopituitarism, occurrence of pituitary dysfunction after RT carries less concern, which may shift the benefit/risk ratio.
Optic neuropathy is very rare
Another potential effect of RT is optic neuropathy. This side effect is very rare as it has been reported in less than 5% of cases for FCRT (34, 75, 76) . This risk is also very low (~3%) after SRS (45, 51, 52, 55) or FSRT (54, 58, 61, 71) .
As for hypopituitarism, the risk of optic neuropathy can be reduced by limiting the radiation dose delivered to the optic pathways to <8-10 Gy. Indeed, the risk is significantly higher when the radiation dose is >12 Gy (77, 78, 79) .
The occurrence of these rare visual adverse events needs to be counterbalanced by the potential visual improvement that can be observed thanks to reduction in tumor volume (as discussed earlier). Therefore, in terms of visual function, the benefit/risk ratio also appears to be positive (66, 68, 69) .
Increased incidence of secondary brain tumors is unclear
In the long term, older techniques of RT may be associated with an incidence of secondary brain tumor, estimated between 1.9 and 2.4% (24, 25, 34) after up to 20 years of follow-up. However, this increased risk was not confirmed in other studies (80, 81, 82, 83) .
Increased risk of cerebrovascular events (CVEs) is likely
In 1999, Brada et al. reported an increased risk of CVE (four-fold higher than the general population) in patients treated with RT (22). This increased risk was confirmed by other studies (83, 84, 85, 86) , but at a lower degree and seemed to depend on the radiation dose: i.e., the risk is multiplied by 1.7 for doses between 45 and 50 Gy and by 3 for doses higher than 50 Gy) (86) . Other studies did not confirm the association between irradiation and incidence of CVE (87, 88) .
Improvement of RT procedures, and development of SRS and FSRT, allows for better modulation of intensity and delimitation of the irradiated volume to deliver high radiation doses on the target while sparing surrounding healthy tissues as much as possible. This is seemingly associated with a decreased incidence of the side effects discussed earlier. However, long-term data on new RT techniques that would be able to confirm these results are still lacking.
In summary, hypopituitarism is the main side effect of RT. The other side effects are much rarer, and their incidence is likely to decrease with newer RT techniques that spare irradiation of the healthy tissues surrounding the tumor as much as possible. Side effects appear to be moderate compared to the benefits provided by RT. The riskbenefit ratio increases when the risk of recurrence increases, particularly if the tumor remnant is important, exhibits rapid growth, is invasive, is close to the optic pathways with a risk of compression, or displays histological criteria of aggressiveness. Obviously, the presence of postoperative hypopituitarism will also facilitate the decision in favor of treatment with adjuvant RT.
Are there options other than radiotherapy?
In case of tumor remnant after initial surgery, the use of RT needs to be compared with other possible alternatives, such as watchful waiting, reoperation(s) and medical treatment. Indeed, it must be kept in mind that surgery is able to achieve complete resection of the adenoma in approximately 40% of cases (89, 90) .
Watchful waiting
When the tumor has apparently been completely resected, PFS is 96% at 5 years and 82% at 10 years (90). Therefore, it seems reasonable, with regard to this low risk of recurrence, not to use routine RT for these patients and to propose simple surveillance.
In cases of incomplete resection, when a postoperative remnant persists, PFS is much lower. It is estimated at 56% at 5 years and 40% at 10 years with a tumor volume doubling time of 3.4 years (90) . The tumor growth rate varies from one patient to another and is difficult to predict, with adenomas following different growth modelling (91) . The risk of recurrence is increased when there is an invasive tumor (32) and when the tumor has histological criteria of proliferation as high Ki67 immunolabeling (92, 93) .
If the remnant is of small volume, is distant from the visual pathways and without risk factors for tumor growth, the choice of watchful surveillance may be preferred. On the other hand, if the remnant is of larger volume, close to the optic pathways, and/or associated with histological criteria of aggressiveness, a more active management is required, either by second surgery or RT. Obviously, the surveillance option is only possible if regular neuroradiological evaluation is possible long term and the patient is compliant.
If tumor remnant growth is considered a good indication for RT, one important consideration is whether late RT (i.e., given only when tumor regrowth clearly represents a threat for important neighbor structures) or early RT (i.e., as soon as the tumor shows some growth potential), would be more beneficial for the patient. In other words, does early vs delayed postoperative RT provide the same clinical outcomes? In fact, there is no clear evidence that the timing of RT can influence the risk-benefit ratio. Several retrospective series did not show differences in terms of tumor control and toxicity between patients receiving immediate postoperative FCRT compared to those treated at the time of recurrence or progression (58, 61) . By contrast, series reporting clinical outcomes after SRS suggest that early postoperative treatment may provide the best therapeutic option for patients with residual tumor, preventing the development of neurological deficits associated with tumor growth and reducing the risk of long-term toxicity (42, 94) .
Reoperation
Reoperation may be an option in case of tumor regrowth or recurrence. However, it must be underlined that results obtained after a second operation are generally inferior to those obtained after the first operation: indeed, a remnant persists in 72% of cases and visual recovery is more rarely achieved (58 vs 90%) (95) . Moreover, there is a higher risk of complications (96) , with an increased rate of diabetes insipidus (26 vs 16%, P = 0.03), cerebrospinal fluid leak (4 vs 1%, P = 0.04), meningitis (3 vs 0.4%, P = 0.02) and longer mean hospital stay (4.5 vs 2.8 days, P = 0.006).
Reoperation seems indisputable when complete tumor resection can be expected (e.g., if the first operation was performed by a less experienced surgeon) or when symptomatic compression of the visual pathways persists (97) . In the other situations, the use of RT may appear preferable, allowing good long-term tumor control associated with a relatively low risk of complications compared to those of reoperation. Reoperation may also be an option for debulking tumor remnants that are growing and/or recurrence for allowing either watchful waiting or more focused RT.
The presence of comorbidities is an important element to consider. The studies dealing with surgical management of pituitary adenomas in the elderly report the presence of associated comorbidities in 80% of cases (98, 99, 100) and anesthetic score ASA ≥4 in 10% of cases (99) . In patients with severe comorbidity, elevated anesthetic risk and/or taking treatments that complicate the surgical procedure (antiplatelets agents, anticoagulants), RT may be preferred. There are few data on the efficacy and safety of pituitary radiotherapy in elderly patients. Ferrante et al. in 2002 , in a cohort of patients older than 70 years, observed a tumor regrowth in only 5.8% of patients treated with radiotherapy compared to 13.6% of the patients who were not irradiated (101) . Another study reports apparent better results in older patients, as a PFS at 10 years was 100% in patients over 60, 98% in those aged between 40 and 60 and 93% when under 40 (34) .
On the other hand, it should be noted that age in itself does not seem to increase the postoperative complication risk (100, 102) .
Medical treatments
Demonstration of dopamine and somatostatin receptors on the surface of NFPAs led to dopamine agonists and somatostatin analogues being proposed as potential medical therapies. However, very limited data on the efficacy of these treatments are currently available in the literature. The few available studies are retrospective, of short duration, and include only a limited number of patients; moreover, they are difficult to compare (variable inclusion criteria, treatment duration, treatment doses and assessment criteria) (103) . Recently, some studies have reported efficacy of dopamine agonists in controlling tumor growth in some patients with NFPAs (104, 105) .
A prospective open-label randomized study has been reported very recently (106) showing that, after 2 years, residual tumor shrinkage, stabilization and enlargement were observed in 28.8, 66.1 and 5.1% of patients, respectively, in the cabergoline group and in 10.5, 73.7 and 15.8% of patients, respectively, in the control group (P = 0.01). On the contrary, neither somatostatin analogues nor gonadotropin-releasing hormone analogs are sufficiently effective to be proposed as an alternative to RT (103) . Moreover, from an economic perspective, long-term medical treatment is generally more expensive than time-limited procedures like surgery or radiotherapy. To our knowledge, such studies have only been reported for acromegaly where relative costs of medical treatment was found to be more than 10-fold higher (107) but not for NFPAs.
General conclusion
Surgery remains the primary treatment of nonfunctioning pituitary macroadenomas. Nowadays, the excellent PFS after total removal of the tumor and the quality of pituitary imaging allow physicians to propose watchful waiting and to avoid immediate and routine postoperative RT. The main arguments against routinely applied RT after surgery are lack of evidence from randomized controlled trials, the use of clinically irrelevant endpoints in most studies on RT, the benign character of the condition, and potential side effects of RT. However, because of its excellent efficacy, and as side effects of RT seem to be limited, RT keeps a place in the management of NFPAs when a tumor remnant persists, particularly if it is invasive and displays high proliferation markers, if surveillance shows a relevant increase in tumor volume or if the tumor is close to the optic chiasm. In these cases, even when surgery is theoretically possible to delay RT or if medical therapy is feasible, RT remains the treatment of choice. RT is currently considered the best method of inhibiting tumor growth, reducing tumor volume and improving any existing visual defects. Since hypopituitarism is the main side effect of RT, treatment with RT may be chosen if a postoperative anterior pituitary deficit is already present at the time of treatment decision. The size of the remnant, its vicinity with the optic pathways and the potential risk to healthy surrounding tissues need to be considered when deciding on a RT procedure. SRS or FSR may be preferred, if available, but FCRT remains the RT procedure of choice in large rapidly evolving remnants.
